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Introduction
The lower part of the Wilcox Group of northwest Louisiana contains shallow (<500 ft), coal deposits that are mined for use in mine-mouth electric power generating plants. The coal deposits, which are lignite A in rank (Troy and others, 1993) , occur on the eastern part of the Sabine Uplift ( fig. 1 ). The coal zones and associated strata in the assessment area generally dip away from the axis of the Red River -Bull Bayou anticline that is located in the north-central part of the assessment area ( fig. 1 ). The Louisiana Sabine resource assessment area includes parts of four parishes: De Soto, Red River, Natchitoches and Sabine ( fig. 2 ). The assessment area was selected because of its proximity to current mining areas, and the availability of stratigraphic data in the area. The assessment area is roughly 60 miles long and 15 miles wide and generally extends across the east central part of the Sabine Uplift in northwest Louisiana ( fig. 2 ). More than 950 stratigraphic records from rotary and core drill holes were used to assess the resources of the Louisiana Sabine assessment area. Of the 950 drill holes, 210 are public data points and are located in or near the areas that have been permitted or proposed for surface mining ( fig.2 ; Appendix 1). Most of the stratigraphic data used for this assessment were provided to the U.S. Geological Survey (USGS) on a confidential basis by various coal companies for use in regional studies. Eight coal-bearing zones were identified in the stratigraphic interval from the Naborton Formation to the Cow Bayou Formation in the Wilcox Group in northwestern Louisiana (fig 3a) , but only the Chemard Lake (Naborton No. 2) coal zone was assessed in the Louisiana Sabine assessment area (figs. 2, 3b). The Chemard Lake (Naborton No. 2) bed was selected for assessment because it is generally persistent across the area, averages 5.8 ft in thickness, and ranges from <1 to 20 ft in thickness ( fig. 3 ). The coal zones that were identified, but not assessed, were either too thin to be considered for mining, or lacked adequate stratigraphic coverage for resource assessment. A total of 1.1 billion short tons of coal with less than 500 ft of overburden were identified in this assessment of the Chemard Lake (Naborton No. 2) coal zone. Maps of the Chemard Lake (Naborton No. 2) coal zone were constructed to show the overburden, structure contour at the top of the coal zone, and cumulative coal-zone thickness. Preliminary reports on the coal quality and resources of other assessed areas in Gulf Coast region ( fig. 1 ) can be found in Ruppert and others (2002) and Warwick and others (2002) . The purpose of the present report is to provide a preliminary release of data for the Louisiana Sabine resource assessment block in advance of publication of the Gulf Coast regional assessment of coal resources, which is planned for a later date.
Stratigraphy
The stratigraphic nomenclature of the coal-bearing Paleocene-Eocene interval in northwest Louisiana, and its correlative relationship to units of similar age in adjacent States, has changed through recent years ( fig. 4) . Some of the first descriptions of the geology and stratigraphy of the coal-bearing interval in northwest Louisiana were by Glenk (1921) and Meagher and Aycock (1942) . Glenk (1921) listed lignite occurrences from outcrop and well records across northern Louisiana. Meagher and Aycock (1942) Figure 1 . Generalized outcrop map of the coal-bearing units, structural features, and areas of study in northeast Texas and northwest Louisiana. Outcrops compiled from Barnes (1992) , Haley (1993) , Snead and McCulloh (1984) , and Warwick and others (1997) ; structural features after Murray (1948) , and Ewing (1991) . Coal quality data and resource estimates for the resource calculation blocks can be found in Ruppert and others (2002) and Warwick and others (2002) . 
Sabine Uplift
Study area boundary Figure 2 . Location map for the northwest Louisiana Sabine assessment block, showing nearby mine permit boundaries, generalized coal-bearing geology, structural features, and historic mining localities (modified from Barnes,1992; Ewing, 1991; Haley, 1993; Snead and McCulloh, 1984; Warwick and others, 1997; Wood and Guevera, 1981; and unpublished Mulcahy, 1981; 3 Williamson, 1987; 4 Beckman, 1980; and Williams, 1980;  5 Oxbow mine permit, Table 1 (this report); 6 Meagher and Aycock, 1942 Lower Wilcox Group Mbr. = Member Figure 4 . Stratigraphic chart that compares the stratigraphic nomenclature used by various workers in the coal-bearing area of northwestern Louisiana.
described the Chemard Lake Lignite Lentil (or bed) and placed it at the top of the Naborton Formation (Midway Group) ( fig. 4) . In a review of the geology of De Soto and Red River Parishes, Murray (1948) also assigned the Chemard Lake Lignite Lentil to the Naborton Formation of the Midway Group (Midwayan Stage, Paleocene; fig. 4 ). Later, in an effort to avoid confusion in the literature, Murray (1955; fig. 4 ). In the discussions of the geology of Sabine and Natchitoches Parishes, Andersen (1960 Andersen ( , 1993 further subdivided the Wilcox Group by elevating several members previously described by Murray (1948) in De Soto and Red River Parishes, to formation status. In 1980, the Louisiana Geological Survey formally recognized these subdivisions of the Wilcox Group (Pope, 1981; Johnston and others, 2000; fig. 4 ). These are the subdivisions officially recognized by the U.S. Geological Survey (Keroher, 1966) . The lower Wilcox coal-bearing interval in the eastern part of the Sabine Uplift contains as many as 25 individual coal beds (Mulcahy, 1981 ). In the current study area, eight coal-bearing zones have been identified, but only one coal bed was selected for assessment ( fig. 3b ). The Chemard Lake coal zone (also known informally as Naborton No. 2, Blue, or Naborton C bed, following various exploration and mining company usages) was selected for assessment because it is generally persistent across the area, averages 5.8 ft in thickness, and ranges from < 1 to 20 ft in thickness ( fig. 3b ).
Other coal resource estimates for northeast Louisiana have been provided by Roland and others (1976) and Mulcahy (1981) . Although their study areas are not the same as used in this report, in some cases their study areas partially overlap with the focus area of the present report. Roland and others (1976) studied the Chemard Lake coal zone in De Soto Parish, in an area smaller than that assessed in this study, and reported a total of 546 million short tons of coal resource. Mulcahy (1981) studied an area that is slightly smaller than this study, and reported a total of 1.9 billion short tons of coal resource for the area. The coal zone nomenclature used in this study generally follows that of Mulcahy (1981) , Luppens (1986) , Williamson (1987) , Breyer and others (1993) .
Several cross sections illustrate the character of the coal-bearing interval in north-central Louisiana ( fig. 5a  d) . Cross-section 1, which runs through the Dolet Hills Permit area, shows the southeasterly dip and depth to the Chemard Lake (Naborton No. 2) bed ( fig. 5a and 5b). Cross-section 2 illustrates the stratigraphic relationship of the Chemard Lake (Naborton No. 2) bed to other deeper coal beds in the Oxbow coal mine permit area ( fig. 5a and 5c). Cross-section 3, located in the western part of the assessment area, illustrates the localized thickening and splitting of the Chemard Lake (Naborton No. 2) bed ( fig. 5a and 5d ). In the western-most part of the line of cross-section 3, the Chemard Lake bed is about 20 ft thick. The stratigraphic distribution of coal beds in the upper part of the coalbearing section is also shown on cross-section 3 ( fig. 5a and 5d ).
Methods
The methods used for calculating resources for the Louisiana Sabine assessment block generally follow those described by Roberts and others (1998) , Tewalt (1998) , and Roberts and Biewick (1999) . Stratigraphic data were collected from a number of public and private sources. Public data sources are outlined on Table 1 . Both public and private data were entered into a drill-hole data management software program (StratiFact) and correlations were made of the major coal zones. Definition of coal zones follows the procedure outlined in Wood and others (1983) where non-coal partings greater than 0.375 in were excluded from individual coal beds that comprise the coal zone. Coal beds separated by partings greater than the thickness of the over-or underlying coal bed constitute a coal zone. Resources were generally calculated on a zone basis according to the methods outlined in Wood and others (1983) . Drill hole locations and surface elevations were checked against 1:100,000 scale USGS Digital Elevation Models (DEM) and 1:24,000 scale topographic maps. A margin of error of ± 25 ft was allowed for the surface elevations of the drill holes used in this assessment. Drill hole records that did not meet this criteria were excluded from the data set. Once the Chemard Lake (Naborton No. 2) coal zone was correlated and drill hole surface elevations checked, drill hole point names, and latitude/longitude values for point locations, coal-zone-top elevations, and cumulative coal zone thicknesses (Appendix 1) were imported into EarthVision, a gridding and modeling software package. A grid model was made for the structural top data ( fig. 6a ). The resulting grid created for the structural top of the coal zone was subtracted from the 1:100,000 scale DEM for the study area to produce a grid of overburden for the coal zone ( fig. 6b ). Outlines of areas on the coal zone structural top grid model where the top of the coal zone exceeded the value of the DEM were merged with digitized coal zone outcrop data from Roland and others (1976) and unpublished mine permit maps (table 1) to define areas where surface erosion has removed the coal zone ( fig. 6b ). The eroded areas were excluded from the resource calculations. Because the coal thickness data were separated into two groups, one in the eastern and the other in the western part of the assessment area, fig. 3b for sources of coal zone names). fig. 3b for sources of coal zone names).
cumulative coal zone thickness grids and contours were limited to the two areas with data ( fig. 6c ). The resulting coal zone thickness and overburden grids were contoured in EarthVision generally following the thickness intervals for lignite and overburden suggested by Wood and others (1983) . However, in some areas of the Gulf Coastal plain, coal beds as thin as 1.5 ft are currently mined, so the minimum mapped coal thickness category used in this study is 0 to 1.5 ft thick. For coal resource calculations, a minimum of 1.5 ft of coal thickness was used. The EarthVision contour maps (coal zone total coal thickness, overburden, and structure contour) were transferred to ArcInfo and unioned into one coverage that included 1) reliability circles based on public and private data points (areas defined were measured, indicated, inferred and hypothetical following Wood and others, 1983) , 2) USGS 1:100,000 scale county boundaries, 3) USGS 7.5' topographic quadrangle boundaries, 4) coal zone eroded areas, and 5) mine permit boundaries (table 1). The unioned coverage was then transferred back in to earthVision for resource tonnage calculation using the volumetrics function of the software package. An average lignite density of 1.29 was used in the resource calculation (Wood and others, 1983) . The resulting earthVision resource data table was converted to an ASCII text table and joined with the unioned resource coverage in ArcView. The resulting data attribute table was exported to an Excel spread sheet to produce resource pivot tables for the coal zone. Coal resources are reported in millions of short tons (Appendix II), and exclude eroded areas and areas within mine permitted boundaries.
Results

Maps
The Chemard Lake (Naborton No. 2) coal zone in the northwest Louisiana study area was evaluated for coal resources using the methods described above. The geologic character of the coal zone is illustrated on three maps: a structure contour of the top of the coal zone (fig. 6a) ; an overburden map (fig. 6b) ; and a total coal thickness map ( fig. 6c ). Public data point locations, lines of section, mine lease boundaries, and mined-out areas (as of 1998) are shown on figure 5a.
There are several general comments that can be made about the coal zone maps. The structure contour map ( fig. 6a) illustrates the influence of the Red River -Bull Bayou dome structure ( fig. 1 ) on the elevation of the Chemard Lake coal zone. The current coal mining areas are located near the crest of the Red River -Bull Bayou structure where the Chemard Lake coal zone is at its highest elevation. The coal zone generally dips to the east, south and west, away from the Red River -Bull Bayou structure. Accordingly, the amount of overburden increases to the east, south and west ( fig. 6b) , and the greatest amount of overburden generally occurs in the western part of the assessment area in De Soto Parish and adjacent Shelby and Panola Counties in Texas. Coal zone thickness trends are generally greatest near the areas of active mining, however an area of thick coal (>20 ft thick) is located in the western part of the assessment area ( fig. 6c ).
Coal Resources
A total of 1.1 billion tons of coal in the Chemard Lake (Naborton No. 2) coal zone was identified for the Northwest Louisiana resource area outside of mine permit areas (Appendix 2). Based on data from this study, most of the remaining coal resources are in the 2.5-5 ft and 5-10 ft thickness categories and are located in the De Soto and Red River Parishes (figs. 6c and 7). More than half of the Chemard Lake (Naborton No. 2) coal zone in the resource area is covered by 100 to 200 ft of overburden (figs. 6b, 7, and Appendix 2). An area of thick coal (>20 ft thick in the western part of the assessment area) is covered primarily by 200 to 500 ft of overburden (figs. 6b and 6c). The greatest amount of coal resources in the measured and indicated resource reliability categories are in De Soto Parish, followed by Red River and Natchitoches Parishes ( fig. 7 ; Appendix 2).
Conclusions
The Louisiana Sabine assessment area is roughly 60 miles long and 15 miles wide and is situated on the eastern flank of the Sabine Uplift ( fig. 1) . The Chemard Lake (Naborton No. 2) coal zone contains approximately 1.1 billion short tons of coal resources in the zone outside mine permitted areas within the Louisiana Sabine Note: Mine permit boundaries used in this study were digitized from mine boundaries depicted on maps (1998 and older) contained in the mine permits listed above.
2) Some stratigraphic data are from Roland and others (1976) .
3) Abandoned mine locality data for Louisiana are from Meagher and Aycock (1942) . 
